Objective: Mobile wireless communication technologies (MWCT) and social media (SM) networks create pathways for accessing widely available information that are favoured particularly by younger generations. The purpose of this study was to explore the way university students use these communication technologies to access health information. Method: Participants (n=696), who were recruited via an email invitation, completed an online self-reported survey that collected multi-dimensional data consisting of quantitative, qualitative and spatial statistics. Results: The results indicate that technology was used extensively to search for health information and resulted in positive changes in participants' behaviours; however they perceived lack of reliability of the information as a pressing issue. Conclusion: The results suggest that appealing, persuasive and reliable MWCT and SM can be used extensively to promote health amongst Australian youth.
Introduction
The current position pertaining to unhealthy lifestyle choices has left many governments in the developed world coming to grips with unsustainable levels of healthcare costs, with the delivery of traditional healthcare not meeting the demands of modern chronic disease management and prevention (Ernst & Young 2012) . With the new orientation towards health becoming broader and now underpinned by an array of sophisticated technologies for delivering public health (Boulosa et al. 2010) , there has emerged a heightened expectation for health consumers to become more proactive in their approach to personal healthcare (Casey et al. 2014) . However, there is limited contextual evidence indicating whether and how modern technology use on individual levels improves chronic disease management (Merolli, Fernando & Sanchez 2013) including how technology is used on a daily basis to find health related information.
Technology and health information retrieval
The growing evidence that healthy lifestyles depend on the early adoption of healthy habits (Landsberg et al. 2010 ) demands attention be turned to current access to and availability of health information to younger populations. While there have been a number of studies researching the Internet search habits of consumers pertaining to health information, (Usher 2011b ) surprisingly little empirical research has been published on general use by young adults of technology as a potential pathway to access health information (Kennedy et al. 2008 ). Therefore, this study will further explore the extent to which mobile wireless communication technology (MWCT) 1 and social media (SM) 2 impact on youth, and to what degree these technologies influence and shape their patterns of access associated with health information.
Given that Australian university students are prolific users of technology (Walsh et al. 2008 ) and that youth, in general, characteristically undertake relatively high levels of risky health behaviours and unhealthy lifestyle choices (Binkowska-Bury & Januszewics 2010), it would seem plausible that research that explores the nexus between MWCT, SM, health information access and youth is warranted. What is more, current literature suggests that further studies into the area of human computer interactions must investigate sustainable action plans and strategies that will create and encourage reform among e-health programs and interactive communication applications when it comes to adopting technology innovations (Nahm et al. 2008; Casey et al. 2014 ).
1 Mobile Wireless Communication Technologies can be defined as 'a collection of two or more devices with wireless communications and networking capability that communicate with each other without the aid of any centralised administrator, and wireless nodes that can dynamically form a network to exchange information without using any existing fixed network infrastructure' (Alomari, Sumari & Taghizadeh 2011: 565) . 2 Social media has been characterised as 'representing various forms of consumer-generated content such as blogs, virtual communities, wikis, social networks, collaborative tagging, and media files shared on sites like Facebook, Instagram, YouTube and Flickr' (Xiang & Gretzel 2010) .
Underpinning such recommendations and proposed delivery models are MWCTs and SM networks.
Enabling qualities -behaviour modification
Key health risk behaviours (exposure to environmental risks, poor exercise levels, diet, alcohol, tobacco and drug use, and sexual practices) are fundamental contributors to many worldwide chronic disease problems (e.g. obesity, diabetes, heart disease, alcoholism, sexually transmitted diseases and cancers) that directly influence the 'global burden of disease' WHO 2008) . Thus, the broad reach and potential influence of modern communication technologies are ideally suited to providing consumers with relevant, accurate and educational information about creating sustainable and positive health behaviours. Kreps and Neuhauser (2010) and Neuhauser and Kreps (2010) maintained that modern technologies have tremendous potential to encourage the adoption of healthy behaviours to promote early detection, health promotion and disease prevention strategies. Modern technologies, specifically MWCT and SM, can potentially promote and improve four unique health enabling qualities amongst individuals or groups: (a) temporal flexibility: allowing communication and information control either synchronously or asynchronously; (b) networkability: for increasing self-efficacy by improving social networks; (c) multimodality: ability to narrow and segment information for a particular audience, target group or individual; and (d) message tailoring capabilities: the ability to tailor the text for making it personally relevant (Usher 2011a) . Similarly, Ernst and Young (2012) reported that enabling technologies offer for the first time the potential for individuals to be connected into a healthcare ecosystem that can deliver actionable information in a timely manner, overcoming the barriers of multiple data silos across many platforms. Such attributes of these enabling technologies can create unique opportunities to promote positive behavioural changes amongst various populations.
The evidence above indicates that further research is necessary to explore the ways in which MWCT and SM are utilised to access health information by young Australians. The purpose of this study was to determine university students' usage types and frequency patterns associated with utilising wireless technologies (e.g. smartphones, iPads, iPhones and laptops) in an attempt to procure health information. The broad research objectives were to: (a) explore the usage trends and associated patterns that reflect Australia's university students' utilisation of MWCT and SM networks in an attempt to access health information; and (b) test if there were any spatial trends based on participants' location or social characteristics associated with health information access. The reason for including the spatial approach was to identify whether location had a significant role in the way students accessed health information.
Method

Participants
This research employed a cross-sectional study design and sampling technique. Participants (n= 744) were drawn from across Griffith University campuses (Australia) and invited by a number of broadcast emails to complete an anonymous online survey. The survey could be accessed by an embedded hyperlink, with the survey being hosted and secured at Griffith University. The email provided information regarding the project along with an invitation to complete the survey. The 58 item survey was constructed based on several scales and frameworks such as the multiple methods approach suggested by Knigge (Knigge & Cope 2006) . Responses were recorded against a number of Likert scales that ranged between various levels of agreement, with higher scores indicating higher agreement with the respective statement.
Demographic information included participants' gender, age, type of study or course, length of study, employment status, health cover status, language spoken at home, and geographic residential location. Along with collecting demographic information, the survey collected qualitative, quantitative and spatial data. Retrospective information was collected for past three months for use of technology for collecting information on various health related topics including health behaviours.
Procedure
Information regarding use of MWCT included use of laptop, desktop, iPad, smartphone and iPod devices, while SM information included use of different SM networks including Facebook, Twitter and Instagram. Once the participants replied 'yes' to use of SM, the next three questions collected information about the type of technology used most frequently. These questions related to use; they listed the type of MWCT used along with if a desktop computer was used to access the information. Further information on frequency of use for each type of MWCT and/ or SM used was gathered along with the reasons behind using technologies. This information was collected specifically for accessing material on any health related topics, including information on healthy behaviours. Participants were encouraged to provide information indicating if the use of MWCT and/or SM for gathering information on health risk behaviours has led to any changes in any of the health behaviours. They were further requested to indicate the top three positive and negative health behavioural changes that occurred as a result of accessing of MWCT and SM. Health behaviours that were focused on in the study were mainly diet, physical activity, alcohol intake and smoking. Positive changes were assumed to be adopting healthier behaviours and negative changes were adopting one or more health risk behaviour.
Participants' explanation for not using technology for accessing health information was an open ended question from which qualitative data were extracted. Qualitative data were recorded by giving participants the opportunity to elaborate on their specific quantitative responses, allowing for more descriptive data analysis. In this way the survey accommodated free text writing without prompts. Ethics approval was obtained from Griffith University Ethics Committee.
Data analysis Multi-dimensional approach
This section outlines the methodological dimensions, as supported by the Knigge and Cope multiple methods approach: quantitative, qualitative, and spatial analysis (Knigge & Cope 2006) . Figure 1 shows the multi-dimensional framework that was used for this research.
Contemporary researchers (Knigge & Cope 2006; Cope & Elwood 2009; Jung & Elwood 2010) have identified the use of quantitative and qualitative analysis dimensions with the spatial analysis dimension, but at a generic and broad level. Previous studies focused on using these multi-dimensional methods or components separately. For example, Knigge and Cope (2006) used geotagged qualitative data such as audio notes, video clips and field notes. However, the multi-dimensional analysis was limited to the visualisation level only, and if viewed the conceptual framework was restricted to one directionality; this is also illustrated in Figure 1 . Specifically, the study focussed on the qualitative and spatial analysis multi-dimensional links. By developing the links between Leximancer (a qualitative tool) and the GIS tools (Burns & Skupin 2013) it was possible to conduct thematic regionalisations (clustering of themes, Figure  6 ), which can be beneficial in addressing questions such as whether participants are thematically similar or dissimilar, or where some specific themes are clustered spatially.
Figure 1: A Multi-dimensional framework to evaluate the use of social media tools in accessing health information
Quantitative analysis
Data analysis was undertaken using Statistical Package for the Social Sciences (SPSS) (PASW18). Initial data preparation involved the development of one integrated SPSS file to incorporate all responses from the final survey. The quantitative analysis techniques employed in this study included descriptive statistics, t-test and Chi Square. Descriptive statistics were used to summarise the responses and make an assessment of the participants' overall type and trends associated with using MWCT and SM networks as platforms to access health information. The frequencies analysis (descriptive statistics) used to provide a profile of respondents by demographic characteristics (gender, age, course major, geographic location and more) with questions related to investigating participants' user trends, preferences and attitudes towards using MWCT and SM. Statistically significant differences were reported to outline what measures have shown more pronounced differences.
Qualitative analysis
Qualitative data were used to examine specific question in our survey. Data were analysed using content analysis to reveal the most frequently occurring concepts and themes. Leximancer software was used to assist in the analysis process. Leximancer automatically analyses text documents to identify the high level of concepts in text documents, visualising the key ideas and insights. 3 Through this analysis, key themes and concepts associated with selected questions in the survey have been identified. This type of analysis revealed the themes or concepts that were associated with selected questions. For example, one of the questions selected was: 'What is the main reason you use MWCT to access information about your health?' The process assisted in understanding some of the context or themes associated with this particular question. In addition, when appropriate, participants' statements were used to highlight some findings.
Qualitative data analysis procedures provided an important tool to understand hidden information, build a profile of a university student who uses or does not use MWCT and/or SM to access health information, and if they do use these media, which type and how frequently. Overall, the qualitative data analysis was generally used to obtain a greater level of information and evidence about the findings.
Spatial analysis
Data analysis utilised the survey participants' residential street and suburb. Initially, participants' addresses were geocoded and converted to a GIS layer. Ninetynine percent of addresses were geocoded, with a join query implemented to attach all the survey attributes to each respondent. The geocoded layer included only participants who live in south east Queensland or north New South Wales with a commuting distance of 90 minutes driving time or less. This spatial analysis was implemented in an attempt to identify clusters (using cluster analysis techniques). Cluster analysis was taken by using Bernoulli's Model and further utilised the approach of Witham and Oppenheimer (2005) using the SatScan Tool.
Results
Quantitative results
Demographic characteristics
From the study participants, 81.6% were enrolled in an undergraduate program (568 from 696 responses) and higher percentage was that of full time students (575 from 696 responses; 82.6%) ( Table 1 ). The response was substantially higher (n=626, 90%) from female students and the majority of the participants were born in Australia (78.2% from 574 responses). From 574 participants that responded to the question related to their living conditions; 82.4% did not have any dependents and 63.3% were unmarried. In this group of respondents only 8 (1.4%) of the participants were of Aboriginal or Torres Strait Islander origin. The mean age was 25.80 years with the mean fortnightly gross income of $450.
Overall, 98.9% of the participants (n=688) accessed MWCT routinely while a similar higher percentage (n=652, 93.9%) of the participants used SM technology for various reasons. Table 2 summarises the top three reasons for accessing or not accessing either MWCT and/or SM.
While Facebook (86.6%), Instagram (18.8%) and Twitter (5.5%) were the most commonly accessed SM networks; 62% of the participants accessed Facebook more than once day. Social media such as Instagram and Twitter was also accessed more than once a day by 20.4% and 7.6% of the students respectively. More than 60% (68.2%) of students used smartphones more than once a day as a MWCT tool followed by laptops (44.1%) and tablet computers (19.6%).
Interestingly, the most frequently accessed health topics using MWCT and SM did not differ, with these being: fitness related; diet and food; and general wellbeing. Of the 463 participants who indicated they use MWCT to access health information, 250 (54%) maintained that the use of MWCT positively influenced their knowledge about the health topics. Of the 150 participants who indicated they use SM to access health information, 78 (52%) maintained that the use of SM positively influenced their knowledge about the health topics. While fitness related topics were accessed most frequently, it was followed by diet related topics and topics related to general wellbeing. Ease of access was the most frequent response for accessing MWCT or SM while reliability of the information obtained was most frequent concern due to why MWCT or SM was not used to access health related information.
General
From 694 students that used MWCT; 463 (66.7%) also used it to access health information. This percentage was very low (23.9%, n=150) for the students that used SM (n=652) to retrieve health information. As represented in Table 3 , there was statistically significant variability in the use of technology in two categories: participants with an English speaking background used MWCT more often compared to participants with other language backgrounds (71% versus 58.5%, p=0.04) and; and students born in Australia used MWCT more often for accessing health information compared to students who were born overseas (72.4% versus 60.8%, p=0.01)
There was no difference in the use of MWCT according to age, general health, employment status or any other factors included in Table 3 . No statistically significant variability in the use of SM for obtaining health information was observed for this group of student population.
Health behaviours
The positive or negative health behaviour changes adopted during the period of accessing information, while using technology, are summarised as 'top 3' changes (Table 4 ).
Qualitative results
To attain a deeper understanding of the findings outlined above, content analysis was conducted for each measure using Leximancer software. This type of analysis revealed the themes or concepts that were frequently mentioned by the participants. Figure 2 presents the main themes and concepts identified by participants for the questions: 'What is the main reason you use MWCT to access information about your health?' The analysis indicated that the content was frequently attributed to the terms access to information, remedies, healthy eating, nutrition, diet and symptoms. This could also be supported by the quote: 'It is easy to find information about symptoms because I think I might have depression so I like to find people out there with similar problems and talk to them it takes me feel less alone though it doesn't change my feelings' (Participant # 1). Figure 3 illustrates some of the frequent themes that occurred by survey participants for the question: 'List up to three positive changes in your health behaviours because of your use of MWCT'. Most frequent themes in the survey were: healthy eating, diet, better motivation and more knowledge about health and physical exercise. These most frequent themes were supported within a number of participants' (#s 12, 125, 15, 32) quotes, with these being: 'Healthier food choices ….better exercise techniques increased motivation to maintain healthy… I have lost weight I am more confident with myself…and…my appearance is better'. Other participants (#s 19, 21, 14) stated: 'Healthier cooking for family with wider access to recipes ... healthy meal planning for the family ... and … emotional health connecting with friends and family'. Documented below is a selected quote that characterises some of the commentaries pertaining to observed positive changes:
I use my iPhone to get information I probably can't get at my local library about health issues, I find it easy to access. I am able to google any queries I may have and the information is there instantly, Instagram allows me to follow many different nutritionist, fitness professionals, sport professional etc. to read and explore health and well-being information posted by them. I will sometimes google different health questions I have, I know this is slight. (Participant # 233)
Spatial results
To determine whether there was any significant geographical pattern in the distribution of those participants who used or did not use MWCT to access health information, a cluster analysis using the SaTScan statistics tool based on the Bernoulli model was used. The scan statistics analysis uses a Monte Carlo procedure to pinpoint the location of, and test the significance of, spatial clusters (Kulldorff 2010) . The results indicated (p=0.98) that there was no spatial structure in relation to the distribution of people who were using or did not use MWCT to access health information. This has also been strengthened by analysing the results of these measures and then producing Kernel density surfaces (Figure 4) . The bivariate map also indicated that both measures of using and not using MWCT to access health information are clustered in the same areas (Figure 4) . The spatial analysis procedure did not find any significant clustering differences. Therefore, Bernoulli's Model and its algorithm (Kulldorff 2010 ) provided a reliable and validated statistical method to overcome the bias in the sample and validated the research findings.
Further analysis allowed for the geo-tagged qualitative data to link with the spatial analysis. The findings 
Figure 5. Qualitative and spatial analysis and a unique visualisation using the integration of Leximancer and spatial analysis /GIS
indicate that participants who were located further than the 30 minutes commuting distance were associated with themes such as: healthy eating, diet, physical activates and exercises, whereas the participants who were located closer to the Griffith University campuses were concerned with themes such as: access to health information, remedies and nutrition. Figure 5 demonstrates a unique analysis of qualitative data in spatial manner (e.g. the link between qualitative analysis and spatial analysis dimension). The map shows themes that were frequently discussed by location or geography. For example, 'health', 'healthier eating' and 'diet' were among the most frequent themes for those who lived relatively far from Griffith University campuses.
Discussion
User profile and trends
This study has identified that smartphones (MWCT) and Facebook (SM) were identified as the most preferred technology pathways to access health related information. This user trend aligns with contemporary literature, indicating that the transformation in health information access is being catalysed by modern technology's unique capacity for increased convenience, access to information, social connectedness and diversity (Ernst & Young 2012 ) and that smartphones have become widespread and for most youth indispensable (World Economic Forum 2011). Interestingly, a high percentage of participants indicated using Instagram as a tool for distributing and storing pictures on health information related to topics as: dietary intake, recipes and menu choices. Hochman et al. (2012: 6) explained that: 'Individuals are increasingly seeking ways to visualise, analyse and discover concealed socio-cultural characteristics and trends in an ever-growing flow of visual information'.
The potential for utilising this SM network for disseminating health information and for improving dietary habits, in a timely and accurate manner, warrants further research regarding its effectiveness in achieving positive behaviour modification. Wong, Merchanta and Morenoc (2014) make a similar claim, identifying that SM can provide prospects to heighten adolescents' and young adults' engagement in healthcare delivery. However, further study is required to outline a clear value proposition and develop evidence-based frameworks for measuring the impact of SM networks (such as Instagram) on young people's health.
Results in this study indicate that health related topics, such as exercise or diet, were the most frequently accessed types of health information. Given that the onset of many lifestyle and chronic conditions occurs at an older age (Ernst & Young 2012) , this information is important in terms of the need for establishing preventive habits and delivering health related information. To minimise future chronic disease epidemics, further research is necessary to explore how technologies can be used to both empower and motivate young adults as a means of preventing lifestyle diseases and that will enable and empower sustainable change.
MWCT, SM and behavioural change
Australian born individuals, who have an average age of 30 years and live with a partner or children, reported a higher positive behavioural change. Having interaction with (or being an observer of) partners who undertake certain positive behaviours, can increase an individual's adoption of such behaviours (Bandura 2001) . In this case this involves the uptake and implementation of modern communication technologies (examples being MWCT and SM) as pathways for accessing health information. Based on the results of the current study, it is evident that positive behavioural change that is a result of MWCT and SM use, needs further attention, possibly via a longitudinal study designed to observe prolonged change.
As university students are heavily immersed in technology, future preventive measures associated with health initiatives should increasingly use MWCTs (e.g. smartphones) and SM networks (e.g. Facebook, Twitter and Instagram) to promote health. While positive behavioural change due to use of MWCT or SM was observed in this study, it is important to note that a small negative behaviour change, as a result of accessing MWCT and SM was also observed. It is possible that the inherent nature of modern technologies that exposes individuals to pervasive product marketing, powerful social norms and mass media, could account for the acquisition of various negative health behaviours evident in this research. Another possible reason might be that there is a limit to how much an individual can change and, as a result individuals may 'swap' habits, for example by giving up one healthy habit to take up another that is perceived as more important.
Studies illustrate the limitations of self-regulatory capacity and the influence of factors such as decision fatigue, indicating that it might be difficult for an individual to make multiple behavioural changes simultaneously (Vohs et al. 2008 ). However, attention to simultaneous or multiple-behaviour change is likely to have a greater impact on behaviour change than sequential or single-behaviour change, possibly by giving individuals the autonomy to choose behav-iours they perceive as easiest to change. This process can build self-efficacy in changing other unhealthy behaviours. However, further exploratory research is required to determine reasons behind such negative health behaviours associated with technology use.
Nonetheless, the study stresses the ways in which MWCT and SM shapes the lifestyles of young people in both good (positive health behaviours) and detrimental ways (negative health behaviours). It shows the power of communication mechanisms using SM and MWCT to influence younger people, and makes a good case for integrating health promotion into images and messages that go beyond traditional health information delivery. The development of appealing health promotion technology packages, using frequently used technologies such as Facebook and Instagram, is a promising prospect.
Further results from this research indicate that although participants are using MWCT to assist in modifying their health behaviours, there were lower levels of confidence in the use of SM to achieve the same outcomes. This is surprising given that much of contemporary literature and research goes to reinforce the proliferation of SM usage by young adults and information sharing and access (Hochman et al. 2012) . Given that findings from this research indicate that participants were reluctant to use SM as a tool for accessing health information because of perceived reliability issues, the development of strategies that would address these barriers is recommended.
MWCT / SM and spatial patterning
Qualitative findings in the study suggested that people who were using SM tools were associated with topics such as: (a) prior searching for health information before driving and (b) some additional evidence about looking for health information about physical activity and consumption of healthy food. These results are similar to previous research that indicates that about one-third of consumers use the social space as a natural habitat for health discussions (Health Research Institute 2012).
Spatial distribution (communal distance) and associated thematic clustering suggest that regional areas situated around Griffith University campuses present differing patterns and trends towards the access of health information access. This could be partly due to demographic groupings and lifestyle factors; it is thought that social determinants influence such identified thematic clusters. Although not empirically tested in this study, it is recommended that further research be undertaken to examine whether the variables associated with the 'digital divide', such as lifestyle factors, socioeconomic status, ethnicity, education levels, attitude and environments that promote physical activity, for example, walking tracks (World Health Organization 2006), impact on university students' motivation to use MWCTs and SM to access health information.
Limitations
The study had a number of limitations, mostly concerning the collection and analysis of the data. First, due to the recruitment methodology, it was not possible to obtain an equal number of responses from male and female students. Future studies should rectify this differentiation, providing a more accurate picture of the Australian university students' experiences regarding technology use. Second, the implementation of a multi-dimensional data analysis method presented further limitations. Data being time stamped may have heightened the potential to analyse the identified spatio-temporal trends in more depth. Furthermore, identifying the time of day health information is being accessed via SM networks (for example, evening time) and better location data (for example, student journeys) would have provided a better understanding of the role of geography, campus proximity and access to health information using SM networks. Other recommendations include developing new analytical techniques that are emerging at the link between qualitative research and GIS/spatial analysis (similar to that presented in Figure 4 ).
Conclusion
The information and knowledge generated from this research has provided an open window through which it could be determined how Australian university students use MWCT and SM in an attempt to access and implement health information. It is clear that young Australians are turning to platforms such as SM and MWCT for health related information; therefore to have maximum health benefits it is crucial that such information is designed and promoted in a way that is both appealing and persuasive to this generation. Future studies should be aimed at exploring how the health of young Australians could be enhanced by the design of 'technology packages' that would become integral components of their overall lifestyles and that they would find both appealing and persuasive. A further recommendation would be to extend this survey to the general public rather than confining it to tertiary students.
Discussions and future research needs to be aimed at providing further understanding of the implications of social or community exclusion from these technologies, and the roles that social determinants, proximity to university campuses or remoteness have on accessing these tools. Evidence from this study could go towards guiding university student services and student wellness staff to effectively implement e-health initiatives and policies that could contribute to reducing health inequities amongst Australia's university students. Lastly, the conceptual, multi-dimensional framework may be adopted by researchers working across the geographical information discipline and human geography.
